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leakage cvir&lts in order ta maintain a reasanable signal- 
mG PROBE lo-noiw ratio in thc recording apparatus and the fabri- 

cation of the d c \ i x  in cconomical and efficient manner. F Sat~on:11 Arc+ 
nmts'n and Space drlrninistrstitm 4 t h  rcrprrt to an la- Tne detector a f  this invcnrion \\hich has k n  deviscd 
vr,,tien 6f p. uUms and dOJcf E FricdcGc.fi5 ps- @ 10 overconic these problems is in the form 5 f  a dim med& 
&fir Palio.irfc<. Catif. u l  prok which is adapted for easy inxrtion into the 

body tiswe. The detecting eirmenl of the probe is a 
4 CIraipe scrnicwnducrur d&c of the junction type which i s  fabri- 

cated from a high resisriviry silicon crystal dcrped wirh 
urhics. T h e  crysta! i s  shapcd in the form of a 
the P-S type junction in Ihe cwstal is famed 
\ion of $tosphorous over ihe nose and surface 
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ABSTRACT QF 'IHE DISCLOSURE 
A hiomedical nuclear radiation Jeteccring probe for use 

in vivo comprking a semi-conductor dintle of, IF: junction 
type fabricaarcd'fron high resi\ti\ity s2izon c~~'st:il. The 16 
P-type conduclivity crystal is hulkt-s'lapd, and ;he junc- 
tion is formed by diffusion of phosphorous over the nose 
end of :lie cr)stal. A silwr c.a\ia_c is alcevcd OUH the 
crystal Nith only the difTu.iec' n o s  of the cr)stal pro- 
iruding Iherefrom. A ministitre coaxial cab!c evends 20 
throsgh the back of the ca%ing in hermetic willing rela- 
tion therewith. The ground lead connects with !he cadnr 
n*hiih is coupled to the N-type phpiphorous. The bore ut 
the casing adjacent Ihr electrical connestion to the P-type 
region of t h e  cryml is 5llcd s i ih  a non-oxidiTing gas. For 2 
operation, a reverse voltage bias is applied to the P-N 
junction whereby penetrating rac)ia:iun gives rise to volt- 
age pulses s*hiih are conductible by the cable to appro- 
priate recording apparatus. 
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The invention described herein um made in the per- 
formance of work under a NASA ccntract :ind is subject 
to the provisions of Section 305 of ifre Na:ional Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 ?& 
Stat. 435, 42 U.5.C. 24S7j. 

This invention relates to 3 medical detecling probe and 
more particularly to a senriconductor nu.-kar.r.+diation 
delector and to methods of fabricating ihc sxne. 

fn  ihe fields of nxdisai and kiologica! research there is 4* 
need for a radiation do&~iefct which can be used in V ~ Q .  
As an example, in detcrdtliny r i d i a i h n  damage to body 
tissues, a meawremcnt of t l a  incident r a d d o n  by ex- 
lernal do5imeters d o p  nor aicul ately indicate dose ievel 
within dic radiated cells because t t e  greater radiation darn- 45 

e!ectrrms and knock-pn protons. 
linijlp rsdiation damage, dosim- 
x n  be uxd in vivo 10 provide 

realistic readings of the sp::!id :.nd energy distribntians 
of radian! electrons and-po:sns. Such dosimeters are alss 50 
needed to obtain mascrerncnts of the nature and concen- 
tratiun of radioactive tracers in the body when such me&- 
ods are used for diapmis or matment. 

Tbere are a variefy of radiario 
use which operate in accordance 
principles as ra~io~hci.-nolurr,inescencrr, ionization of gases 
photographic emulsion ;trhniques, and others. These, f,cr.v- 
ever, are prim+) adapted for use externally of thr; 
W y  and are un4zf;ictdry for use in vivo. AJthaugh 
chemical d6simcfers have been proposed for use in Vivo, Bo 
&e= are ab?e to messre :he amcmz-it of energy absorbed, 
but do mt ipdicate ibc rate of absorption ar-tbe number 

of the cry\t:d. The crystal is supfiorted by a silver casing 
which i 3  slerwd over the crystal wiih the no= of the 
crjstal protruding iherefiom. and connects with the Id- 
t\pc phtxphorous and the ground lead for the detector. 
The lend to ihe P-type silicon is disposed within the 
casing iiiclf, and the two leads are formed intg a mi&- 
ture coaxisl cable which extends ihrotigh the back of the 
c>lindricnl casing in hermetic sealing rehionship ihere- 
with. The zdditioml :termctic seal which is provided bc 
twmn the crystal and silver casing m d  the provision of a 
cable instllation t*S,ich is impervicl IC to body fluids proiect 
the junction from ariack by body liauids. F3r opcratiw of 
the probe, re:ersE bia, is applied to the P-N junction, pad 
raihtion penriraiing the junction gives risc to voltage 
pulses n h k h  are conduCfed lo recording apparatus v5a 
the coaxial cable- 

I n  an alternate ernbodinien: suitable for a probe with 
less ihan 1 mm. dimxter. the silicon crysld is provided 
wLh a flat deteciing surface, and a twin conductor cable 
is uccd. The l a d  from the P-type silicon is a gold wire 
attadhed by thermocrompression bonding. ' i l i c  noise level 
with this eml?odhent is normalty higher b n  &\at of the 

lor, but its smaller s k  Sends it iitkiity 

In fahricaling the probe a silicon crystal doped with 
P-~ype impurities i shaped i r m  hu!Lt form for the bullet- 
shaped prabc, cr in the foim of an elangaie cylinder in 
an aIrernaie.emhdiment of the prohe, and a layer of 
phosphorous dophg m3trrial i s  deeply diffused over the 
nose and si&s of the crystal. The thick dEu& layer is 
~ L R  removed fron the ciystal nu.% and a second phos- 
phoxom diffysion is applied to the nose to provide a &in 
window, as is m s a r y  for detectiw of the heavier 
charged nuclear pznicler 

A layer of nickel is then platpd over the deep phos- 
phorous diffmed I s y x  on the sides af the crystal to pro- 
vide atiachn:ent means for subsequently solldcring thi 
unit to the s i l ~ e r  Casing. 
To connekt an electrica? lead to the depecsur, a small 

dkmeter bare is c ~ l  in an axial dircctjon into the silicon 
bullel from the back surfam thereof fpr remiwing a tubular 
aluminum s$~g. A nickel wire inserkd in the slug pro- 
vi&& a ked from tbe detectar. Aluminum is &en a l l~yed  
into the back podan of the silicon bullet to fom a P+ 
contart and rbc hack of .he bullet is etched to produce 
a jupdion with low lmkage characteristics. Atternahzly, 
the lead lo &e P-tpz silkon mi_& be aCfi.ched by first 
evaporating alaminum to the back &rface of the saicMt 
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v b s  sho&ng.t)K uarioirs i iqs  med in P;ibricatibn of the  OW of thc solid state dcl or how. signal imprDvcmcnt 
silicon cr>stsI as the nwlear radiatbn detecting cicmdnl Over that u!~ich can be &tnincd with the gas ionization 
in r1.e prok of FtG. I: and, clramker. Ats.  t-hc ph!sical size of the silkon dckctar 

FIE. 3 b a wcrjonaf vi.-w of an altcrnaie crtaWimerjt i;;:.j. be sexrai ordc:s of magnitude srnal]cr than a gas 
Of the &:<a1 probc of lhis ini.cr.fion. . 5 ionk;i:;on chamkr since thc rz%gc of energy paitid&% 

Rcfcmjrg ~ O F C  pnflictilatfy 10 the drawings, rhmc i s  in d k o n  is rncasur2i.k in microds a: Cornparod 10 CCn& 
shown in BG. I a mrdical p r e k j  IO which is a prrfmed meters in a gas ionkition chambkr. ' 

cpnl.rdiment of this invcnttnn. The prohe 19 c o n r p r i ~  -It is to hc not&. hotrevcr. %hat fv 3 ;mar rclationship 
a serniconducror Giode v ti ch is faaricnaed from a .+iiibwn to exist k t u c e n  :)),e p f s c  hcishc z*.d r>;rr:icle energy it 
crystal 11. The silicon crystal h::% a rcshitity ~ ~ G c a l t y  is nccewtry that the width ai 0 % ~  dc2letkn rqioo in 
in  the r;angc of 3.SW :e 5,000 ohm cm. and is duwd the xmiiandocior drieclor hc -*re cy lltan the range 
'u &h a p-typc impurity such :is t.iIlium. or j7diun. The Of Ikc -pad;!r i i  the siliroa SO 1::. t ' 1 ' incident p:.rlkle 
crystal is shapcd Snro a bullet fvrm 3nd it P-N junction wiEi 10% ail of its energy within .tr dcp!c:ion regiok. 
i\ formed by an cvcn diffusion of phospornus 12 over Ihc For the P-N junction under c6nsk: Yior., thc :nickness 
no% and the cjlindricol surface of tbc cqst:il shcrcby 15 of the dcp1c:ion layer in micrass LF. kccn &termlied 
the dcpletion region assnciatrd \\ith ?he junstim cxter&is 1 6  be prqwrtional to thc product (?*.'i1 2 \\here P is 
a uniform distance insardly from thc cr)stal surface oyer the rc\i&i$y of the P rcgiirn in ul;rr+ce&rncfcrs, and 
which the phosphorous is difiued. The ci-jsiai is s r ~ p  V is the applied reverse bias voI:age From thc above 
ported by 3 cylindrjca] czing 15 which js s]oe\vcd par; ?ppro\inirtion it is irp,?;lrcnt that Ita proc)Oct sliauid 
way over :he crystal with the no% sf lhc cryslat pro- 20 he m:ldr as 13rge 3s p.s!bk \\he!! thC &Arrclr-r iS 10 be 
trudirg thcrcfrpm. An attachmeit mcans for a soldering UV< r?' a spcclromcter fcr prnr:rating P~'LII?SS such 
connecriqn belucen the casing and the crystal is proridcd protons and ckctrons. 
by a nickel plating 16 uhich is hid ovcr 1hc phosphorous Tu: fabrication of a silicon crystal into a scmiccwb.wtor 
co2ling at the lower end of the silicon. The suilfcrcd con- diode %hi& is usnblc ~ i l h  the mcdkal prok o f  JS5 in- 
neciion results in a hermrtie seal betwecn :hL casirtg and 15 vention is hereinafter described. A silicon crystal k srteQ- 
the silicon which serves to protect the jw,,ction against ed for processing which has a residivitg in the ranre of 
atiack by bony acids and liquids. The casing is made of 3,500 to 5,WO ohin cni. The crystd is  d o p d  with f-lype 
coin silver becaase of its machinability, easc of plating and impurilics and the dopcd CryaaI is then sliced with a hi& 
soldering, and its demonstrated reclisjance to attack by speed diamond imprcgnaird saw to form wafers appro66 
body acids and body liquid. 30 macely &G inch thick. The wafers are then dice2, prekr- 

To provide n lead from the P-type region of rf,cdctectrrr, ably by an ultrasonic impact grinder, to provide a number 
the crystal is provided with an axial bore 30 which ex- of cylindrical unitvof circular cross-section, each of which 
tends axially info the silicon pellet from the boiiom end may then be shapcd and processed to prodtlce a suit3blc 
thereof and receives an aiuminum slug 21 7% slug junction diodr. T h e  12raping of one of the cylin$rical units 
itsclf i s  tubular in form wit11 an axial boFe 23 into ahich 35 of silicon is accomplished by placing the unit on a rotating 
a 16 mil diameter nickel wire 25 i s  inserted to provide fixture and rounditis to burlet shape by spplyhg emoiy 
8 lead. T h e  ground lead is provided by fhe s i ' i tr  casing eloth to one end of the cylinder as it is raiated about its 
whicb eIectrkally cpnnects uith The N-type phocphorous longikidinal axis. The various 5:cps i n  the hbrkaurrn of a 
and the braided shield 27 of a coaxial cable 28 which is bullet-shaped snit into a finished diodc a x  iflustrated Sa 
inserted &rough tbz t s r  opening of ihe silver casing wiib 413 FIGURES 2A to 2E 
its central sire 29 connected ID the nickel lead 25, and As sho-wn in FIG. ZQ, the hullct-shaped sXcon Z a  
25, its braided shield sold.crcd to the intcmnl wall of dee.ply difTused with a layer of pl?osphoi~us doping ma* 
the silver casing. T h e  cable conducts tdiage signals from rial 12 by a djBqrion process ukich i s  carried out for 8 
the semiconductor detector to suitable amplifying and period of sixteen hours at a temperature of I,2W8 C. 
recording apparatus (not shown). Tt.c casing end is 45 until the depth of diffusion is approximately 50 microns. 
crimped inwardly to clamp the cable and Improve the Since a thick diffuscd layer is not desirabltt cn the cosc 
seal between the Gybk? and casing. An insulating sleeve of the unit which is to be exposed to rhc radiation, the 
31 is also placed over the junction of the cable conduc- thick digused layer is removed from the nose by etching, 
tor 29 apd tbe nickel. wire 2s lo prevent possible ground- while a wax mask 35 is applied io the sides. and rear Of 
ing against the inner aal l  of &e casing. GO the mjt, as shown in FIG. 23. A second phosphorous dif- 

In opwation of the device, a reverse bias is applied to fusion is tben eanicd out at a temperature of 1,050" C 
the P-N junction rihich establishes an electric field acruss until a diffused lujer 12a of approximately o?c micron 
L!e junction and controls the depth of the depletion region. tbi+nev 5 produced on the no5e of &e silicon, as s h o w  
The positive space charge due to ionized donurs io the in FIG, 32, io provide a thin window which is necessary 
phosphorus doped N-type region near the junction and 55 for the detection of the heavier charged nuclear particles 
the negative space charge due t3  ioni7A acceptors in the such as alpha particles. The deep diffused layer provides 
P-type region near &e junceon provide a dist6bute-d &e base for a mfdtring process hereinafier d e s n i d .  
dipole layer whish resemble= t3e charged panf!el-plate Fc4fowing &e rediffusbn, thr 'bottom end of the unit is 
capacitor of the gas ionht ign chambr. A nuclear radis- lapped off to remove the deep diffusion layer, and unit 
tion particle, such as an dpha  %article, paving through f@ is then mounted in a chuck and a small diamctcr bore 
this A T a &  chage  region ptoducq electron-hole pa in  by is cut by aq ultrasonic cutler in an axial dixctioa jato the 

silicon buuet from tZne back Thereof, as &own ia 
back of the dcfecbr these caden which are swept apart by the electric field FIG. 2D. The thin wkdow 

se t 5 a n  elwtric3l p@se are {hen masked, as sbowo . x  e nickel 
ionization charpber. diffused 

owever, in *e 5pcratioa Iayer PP provide attachment means for subs~qumtiy SOIM- 
ha t  of a ionization ing t i t e - d  to fhiht silver cae. A tub&v alumirmm dug 
5 electron wlS; of id 21 is then p?zced into the diced bore in the silicon bdk& 

dent prtkle energy are required lQ produce OW decpon a& a 16 miI rlimeler nickel wkc 25 hsed into the 
the 

a typical .gas. Furtbermore, %e hieh cwricr m*hjlifies and detector, as shcxra ia FIG. 2F. 
dfift velocities in silicon, combine4 lvitfi &e relative The bullet b iben set kite a s p ~ c ~ d  firhrre @d subject- 
mall width of thp depletion rk_eion, result in pulses with ed to hsating, whereby rinteriag of the aiclrel &nd $toying 
m8imicros&ond rise times as cornpiwed io B of the a h m h i r n  back c~ntacf are carried out 
range for gas c h a m k s .  For these mspns, e a5 time. BreferAy, darinz US process gep t4e 

its in.eIastie coIIisions with the dlicorr aioms whereby 

65 plating 16 is deposit@ ovcr the deep phosp 

' bok pair h s i i i ~ n ,  as COmparced' to 32 9kctmn vdts for 70 hre  of #.& afuminum dug :a pnjside 8 -lead 



mi'num is ajicsycd into tbhr back p a i o n  of the silfCon 
bullet and nickcl is sintertil kit0 the sides of the unit T h e  
aluminum alloy farms a P+ contact and the sinter pro- 
vides for greater adhrrerlce of the nickel IO &e Si!iCOR. 

After the alloj-iiap, and siritcring, the nose and bark of 
tlrc builct are again wax masked, as \ h o w  IR FIG. 2G. 
and a second plate <if clectroleq nickil is  applied to the 
sidcs of :he probe. ckcl plate& ar2a is. then dippkd 
into molten tin ss inning operation. TO eo-mpkte 
the semicnndirctor of the prebe, the back end o f  
the bullet is etched and pmfccted 6 t h  e p x y  41 to pro- 
duce a junction with high voltage and IOU ieakagc char- 

silicon bullet into the silver caw 
ped. into rrolten Ls pirliminary 10 

soldering the bullct to the'case. Sirwe the th does not wet 

ti 

i.0 
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she nosdof the bullct, solderins occurs only along thc'pre- 
tinned side regions, and a hernietically scillcd joint is 
formed between the casc and the si:icon bullet. The s u b  
asscmhly, coasisting of the hullct and the top of the caw, 
is then 1 a k  tested by inserting the ease into a Tygon tnbe 
having an i.incr diameter corresponding to Ihe outer d im-  
ctrr of the hulle~, and through whch niltogen under 25 s 
p i i n d s  of pressure is introtfuced. Any Ierkage may then 
be readiiy observed by .submerging the mi l  info a bath of 
methanol. l f  :hL unif is tioht. fhe iunction is coated with 

20 

D u w  Coming SiJFard m i  cured at 125' C. for sixteen 
hours 

T h e  diode is then tested for light sendtivit;r.and lhe 
current-\oltige characteristic is obherved on a ctlrve-trzcer. 
For a suitable probe, the reverse chqracten'slic must show 
low Ieakage and *high whage breakdoan. The forward 
charactcristic is aEso examined since the propsnies of B c  
contacts to the silicon may bc Jetpsilined frqm its shape. 

To complete aisembIy of the probe, the coaxial cable 
is inzerted in10 the back zertjon d5b of the case, ~ i i h  its 
braided shield soldered to the cav  ana the insulated wn- 
Lral wire left in an exposed condition for wb!eq&saz at- 
tachmen! to the pickel wire pro&ding from toe. back of 
the silicon bullet. The back part of the case is then filled 
with epoxy 43 and cured at room teniperature fur'tvJelve 
hours to insure a rugged conncc!ion Lo the ceniral wire 
Df the cable a;ld to prevent moisture from entering the case 
t h u g 4  the table. 

The subassembfy comprising the back portion of the 
case is then leak tested in a manner similar to the testing 
desrrribed for the u p p x  portion of the case, after wbich 
the ucit is ready for final assembly. The ends uf the e n - .  
tral wire of the cable m d  the nickel Wire from the silicon 
bullet rre pre-tiaed aad joined, using Ihe TeRon tube 31 
as insulation f r u a  the sides of the Casing. Tbe two sub- 
assemblies are then joined mgelber by soldering the upper 
portion ISa Of the casing to the section ISb, io  complete 
bssembly of the unit. With the siliean ncse prcteaed by 

mbbtr, the case walls are pffiaated 
il of coppr  and Bashed with a &in Slrp 

of gold. n e  coppIcted assembly is thqn leak tested by 
.dipping into W i i g  xylene, Examination of tbc cment 
voitage characteristics of fhe unit befare and after *&e 
boiling pmcess reveals the tiehmess of the urlit. 

materiai via nickel $!sting 
grrllrt The sskond conductor 67 of tbk 
with a gdd  wire lead 58 which is rbemocornpression 
bClhdeti tq the base of *e P-type siiicon. The gold wire 
lead cx,tcmds through an an,ndar ceramic disc 70 mounted 
in the upyxr section 50a of -he w x  50. The case between 

d is filled Hl"h epoxy 71, 
disc and p d k t  to avoid 
reason tbs ~ I a g  of the 

n a y  also bc nitrogen filled, or 5!?d with inert 
gas. It is also io bc noted that although the probe SB i s  
shown w2h a pl drteoting region 53, it could 
also be made a region, r\nd preferably so for 
omnidiiectipnai d 

The fabtiation of the p~c~bc 50 is substantialiy similar 
to  that €or the probe I @ .  The attachment of the lead to 
the P-type silkon, bowcvcr, i s  accomplished by first evap 
oratins alrrminum to the back surface of the silicon td 
provide an ohmic contact, and then attaching a go#d wire 
&ereto by tltermo-eampiession banding. The junction 
region af the gold wire and b e  petlet is then etched and 
protected with epoxy. 

It is to be noted that in using &e probe 1% a nuclear 
radiation pafliele will we a depletion region whost depth 
will depend vpon the particle's angle of incidence as well 
115 the applied bias. Panicular care .shrtlld therefore be 
taken sa tbat high energy parlicks wit1 not pcnetrak the 
depletion region wiih a consequent marked redactio-n in 
resulution. 

I t  is also to be na&d ttz~t.the prciba: $ewibed herein 
is designed to be an iniegral par? of a ma+d caWc so 
%hot input cepacitance'to $he rgquired sigibal amplifier 
will be beld.to a minimum, which in turn minimizes rhc 
noise r&suiiing front tb 

Also, 5eca.use of is 
3erttd intoGbodies with 
and .its sensithily to radiation at various angtes of inci- 
dence i n  terms of signal out and resolution is more w&- 
form t S m  is chara~tefistic of a plsnlrr detwitor. 

It will therefore be secn that a Vue inlernal Lsiineter 
is dt-icribed hercin ~ h i c b  will proside a realislic. reading 
of beta, prorw, and other nuclcai partick enerpy,.md 
a spatial'distFiuudon that i s  also re3list;:. The device is 
uskful iri evaluating blood Bow yrobierns by inserrion into 
veins and arteries, and. is nlSo adaptable to 'king buried 
around ,an organ of the body, such as tbe brdn, to meas- 
ure the spatial and time pickup of radioactive tractra, 
Funhcrrreofe, in the method of fabrication of ihe device, 
tile technique used fot tnmp5.3:Jfating the crystaf with oriy 
its sensitive detecting area c x p s t d  providas for hermettc 
seating wiiiGh prevents degradahn of &e pr0be.b~ hm& 
environments. 

It should also be undersKmcl &at. the h e g o i n g  d b  
closure rekites anfy to preferred embodiments of .&e k- 
veniion and !hat it is intended to. cover 811. changes afid 
modifications of rbe examples in the in9,eniion hemin 
ehosn €OF &.e pu-posu of thqdisclasure and w h i d  do 
m t  ccmstituie deparfure frop the sp%l a d  %cos uf &e 
invcnlion. 

What i s  claimed and &&r& Lo .be secured by h a d  
Pbtenr is: 

B. A &did.  p r o b  for  detect:^ nuclear: r a C h t h  &I 
vivo,. Said probe c o r n p s q :  
a semi~onduc~or & d e  af the junrtisn type. Icaid &&e 

being fQrmed from a silkon crystal of Fsylpt ma- 
d u c t i d ~  having a s&stan$aIly i9eiongZtte &indried 
sbapc witb a rauaded cod WWn, sibid h- 

. .cIuding an N-type ~ofiductirity foiLned tba 
diffusion 9f a ,donor impGty material wer tbe cy&- 
&id surface and the rowded. end of tbe &GOB 
crystal to provide a P-N jw+ctiDn wltttiki said aystd, 
said difIusion k i n g  t M y  spread oyer said rwtierd 
md of &e crystd SD as grorids a w h d w  for 
&$ea&ion of the h e a u k r h w l ~  pistid- 
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an elongafe tublar casing of ctcctrically cortductive 
corrosion-resistant material, said serni-condltclor di.. 
ode being mounted and supprled in thr%orc of 
tubu1ar casing %titti' only said thiniy-spread diffusioa 
J3)'Er at said one end of the crys:aI proudin&! from 5 
tbe casing; 

wmcctiFig stems providing an e%ectrkd connection 
and a hcrnrtic scal ktwwn the easing and the N- 
type layer of the crystal; 

~i c~ec:ricd cablc'exrending into .the bore of said 
tubular ea.;ing from the other end. of said casing, 
wirh a hermetic x a ?  furmcd ktawn the cable and 
said other cnd of the casiig. said cable comprising 
B pair of electrical conducior? with o m  of said con- 
ductors ekctfically connccted 10 the P-ppc rrgiun 
of thc silicon crj stal, and the other of ~ 3 %  caeaadtncmrs 
in clcctricai contact wiih the tubutar casing' wiih 
the bore of said casing being fiiied with a noa-oxidiz- 
iag gas, whereby said probe cans'itulcs an' integral 
extcndon of'said cable, and tvhw said conducton 
arc c inccted to a vnliagc so~ircc and rete\Frse voltage 
bias app!icd lo said junctior, said probe is capable 
of gencrzting elecwic voltage .signals upon penetra- 
tion of the P-N junr&ion by nuclear radiation, which 
signals are conducliblc by said caMe to appropriate 25 

$. A rne&cat ~uclesr Gsdiation &+&in& p i o h  atr de- 
. scribed ici claim 1, wherein said d$a?a*c cable $s W- 

erzd uith a layer #f inYJk&g material ahich k c%an& 
caily rcsktant to attack by b d y  acids and liquids. 

3. A m e d i d  nuclear rnrliation detccring prbbe as de- 
scribed in-claim l, whrcin rhe N-ty;re conductivity r t g k  
of the crysal is farmed by the diffusion of pho:pt;xwae 
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